Speedy resuscitation.
(2) Transient nature of condition causing arrest. (3) Ventricular standstill rather than fibrillation as the cause of arrest. (4) Absence of serious disease of the myocardiumthe most important. Delay in resuscitation may be minimal ifthe patient is in a properly equipped cardiac catheterization laboratory, for the cause of the arrest, whether ventricular fibrillation or standstill, is seen at once on the cathode ray oscilloscope and the external pacemaker and the defibrillator are always held in readiness. One or two impulses have been sufficient to restart the heart of a patient with aortic stenosis in whom arrest occurred from left ventricular puncture. Similar favourable conditions for rapid treatment are often present in the operating theatre where high rates of success have been reported. During the administration of high doses of drugs such as quinidine and digitalis, which depress the conducting tissue, the external pacemaker and defibrillator should always be held in readiness. Neither pacing nor defibrillation can succeed if the heart is anoxic and it follows that appreciable delay requires initial treatment by external cardiac massage and ventilation. When the factor causing arrest is transient, successful resuscitation is likely if there is no delay. Examples are vagal stimulation, anoxia, quinidine and digitalis poisoning and electric shock. Arrest of the circulation from ventricular fibrillation or high rates ofventricular tachycardia will not respond to a pacemaker. Fortunately their occurrence in Stokes-Adams disease is usually secondary to periods of standstill favourable for stimulation. In other circumstances defibrillation is necessary, but will not be successful if the myocardium is anoxic and external massage will be required first. Defibrillators with sufficient power to be used externally are now available (Sowton & Davies, below) but external defibrillation is a relatively dangerous technique requiring up to 13,000 volts. Though frequently it is technically successful, ultimate recovery of the patient is less likely, except in Stokes-Adams disease, possibly because the myocardium is often at fault. If external defibrillation fails, however, external massage and ventilation can be continued while the patient is taken to a favourable situation for thoracotomy and internal defibrillation. There is a good case for organizing a special resuscitation trolley on which the patient can be placed and external massage performed mechanically. Disease of the myocardiuim is the most important cause of failure of resuscitation and this explains the relatively low rates of success in arrest following cardiac infarction.
It follows that resuscitation is seldom successful for patients in hospital with serious chronic myo-.cardial disease unless a transient situation such as anoxia or drug poisoning has been added. Thus nature on the whole guards against unnecessary meddling. A patient known to be in a terminal illness should clearly be left alone, but where there is any doubt, resuscitation should be initiated, and once external massage is in action, thought can be given to what might be achieved. The revulsion of the physician from ill-advised thoracotomy and internal massage does not apply to external massage. Continued repetition of the emergency procedures is required to save time, the factor which is most likely to dictate survival or death in another case.
Electrical resuscitation of the heart already has an important place in the treatment of Stokes-Adams disease of the conducting tissue and in arrest during special investigations of the cardiovascular system. Experience under these specialized circumstances must lead to its use in conjunction with external massage and artificial respiration under more general circumstances. The inevitably lower rate of success should not prevent these techniques being available in every large hospital, and in any situation where there is a special risk of ventricular standstill or fibrillation. Acknowledgments: Resuscitation and pacing can only be achieved by a team, and our registrars, Drs Table 1 , which is based on a notice displayed widely at St George's Hospital. It should be noted that a patient who has simply fainted will start to recover as soon as he is allowed to assume the horizontal position. In cardiac arrest, the cerebral circulation must be restored by external cardiac massage as devised by Kouwen- hoven et al. (1960) , and unless this is achieved within three minutes, or less with preceding anoxia, the patient will die or suffer irreversible Section ofMedicine (1) Ventricular standstill (There may or may not be P waves, but there is no QRS complex): External pacemaker needed (2) Ventricularfibrillation: This will require the specialized and dangerous technique of external electrical defibrillation and application of the external pacemaker will be useless brain damage. For external cardiac massage the patient must be on an unyielding surface. The floor is best, since the operator is then in a good mechanical position and may accurately assess the pressure applied. Fracture boards in the bed are the second choice. While cardiac massage is in progress an electrocardiograph, an external defibrillator, and an external pacemaker are obtained. The technique of massage is to apply pressure with the heel of the hands, over the lower third of the sternum only, and a sharp jerk is better than a slow increase. The stroke should be 2-3 inches and about 90 lb of thrust is needed. At a rate of 60 per minute this takes about W h.p. so the operator has to be relieved after about ten minutes.
Signs of satisfactory perfusion are small pupils with a light reflex, and sometimes spontaneous respiration. It is occasionally possible to restore consciousness by external massage, despite the persistence of an arrhythmia. The presence of a femoral or carotid pulse may be misleading, as the raised intra-abdominal pressure can be felt at each stroke of the massage; it is better to rely on the radial or tibial pulses. Complications of external cardiac massage may include broken ribs, sometimes resulting in a flail chest, ruptured liver or spleen, hemopericardium, hemothorax, pneumothorax or marrow emboli. If pressure is applied strictly to the sternum the incidence of complications is low. The need for oxygenation of the patient is only slightly less urgent than the need for cardiac massage, and ideally the patient should be intubated and the lungs inflated with oxygen. Until this can be done, mouth-to-mouth respiration is best performed with the help of a simple S-shaped tube, such as the Portex Resuscitube. A face mask connected to a bag with oneway valves, such as the Ambu Resuscitator, can be used until intubation is performed.
The electrocardiograph should preferably be of the cathode ray oscilloscope type, one with a three inch tube being adequate. The advantages are that it is portable, easily seen by all present, and that there is no delay in appreciating rhythm changes; it is also suitable for long-term monitoring. The disadvantages are that connexion to the mains is usually needed and that some models have no facilities for producing a permanent record, although machines are available with a socket for connexion to a recording cardiograph.
If the ECG trace shows asystole an external pacemaker can be used; if ventricular fibrillation, external defibrillation is needed first. There are many pacemakers on the American market but the one we use was designed and built at St George's Hospital and has been fully described elsewhere ). It provides condenser discharge pulses of approximately 4 milliseconds duration with rates of 30-120/min, at voltages up to 200. It is powered by batteries or the mains, and has relay switchingso arranged as to prevent accidental electrocution when myocardial electrodes are in use, even when the machine is running from the mains. Stimuli are accompanied by an audible click, and by a flashing light. An equally efficient, cheap and simple external pacemaker can be made from a high tension battery (60-180 V), a 4 microfarad paper condenser and a Morse key (Figs I and 2) . Impulses are given by tapping the key, and the pulse duration is fixed by the condenser at about 4 milliseconds. Ordinary electrocardiograph electrodes are used, well smeared with jelly, one being held lateral to the apex and the other in the 4th space near the midline. The operator wears household rubber gloves, which provide good insulation, are less easily torn and more quickly donned than surgeons' gloves. Alternatively both electrodes can be mounted on a telephone handpiece.
Unconscious patients are given 6 to 10 shocks of 200 volts, at a rate of 60/min and the ECG is then reviewed. Further massage is given if asystole persists, and the pacemaker is then tried again. In conscious patients the voltage is reduced to the threshold, usually about 70 volts, and intravenous pethidine is given. The ECG is usually unreadable when the pacemaker is applied. If the cardiac arrest is due to ventricular fibrillation, the pacemaker is ineffective, and defibrillation is needed. There is little reliable information about external defibrillation, but Perry & Trotman (1958) have described an internal defibrillator for-use in the operating theatre in which a meter indicates the current which has passed through the heart. Reliable defibrillation occurs when 2 amps pass through the heart itself, and this figure is in agreement with measurements made in animal experiments (Shepherd 1961 , Meyers 1962 . To pass 2 amps through the heart, a higher current must be passed through the intact chest, and a reasonable estimate is 3-4 amps. The electrical resistance between the electrodes should be as low as possible in order that an adequate current to defibrillate may be passed. A poor contact giving a resistance of about 200 ohms will necessitate 800 volts being applied before there is a reasonable chance of successful defibrillation. The possible power required is therefore 3 kW or approximately 4 h.p. A short pulse length is used, about 0-2 sec, and this avoids local overheating of the tissues and also explains why heavy currents can be drawn without blowing main fuses. It is important to realize that the voltage setting on the dials of many defibrillators bears little relation to the voltage actually developed in use, and failure of external defibrillation is probably often due to the passage of too low a current from the machine. We use an instrument originally designed for internal defibrillation (Perry & Trotman 1958) but modified by means ofa stepup transformer to provide 800 volts, thus enabling it to be used for external defibrillation. It has both hand and foot controls which must be operated simultaneously before current will pass. The electrodes are 8 cm in diameter, covered with saline-soaked gauze and ECG jelly, and are positioned one near the midline of the chest and one at the apex of the heart. Three to six shocks, each of 0-2 sec are given at two-second intervals. Success is more likely when the fibrillation is 'coarse', and this occurs as the arrhythmia continues, after procainamide, or after previous attempts at defibrillation. In cases of resistant ventricular fibrillation it may be necessary to transfer the patient to the operating theatre for internal defibrillation, with external massage con- Other heart disease 6 2
The external defibrillator was used on 11 of the 23 patients, in 9 cases with at least temporary success, although in 3 of these cases defibrillation was achieved only after procainamide had been given. Three cases reverted to sinus rhythm from ventricular fibrillation after procainamide before the defibrillator had been used again, and we now use this drug in doses of up to 1 g or more, given intravenously by increments, in most cases showing ventricular fibrillation.
It will be seen that the prognosis is very bad in the group with conditions other than Stokes-Adams disease. In addition to these 23 patients the external pacemaker has been used, without cardiac massage, on many patients with Stokes-Adams attacks and it has never failed to terminate the attack. The instrument is often used by the nursing staff before a doctor arrives.
Perhaps the most important conclusion is that the prognosis of cardiac arrest in a patient with Stokes-Adams attacks should be extremely good, even if only a Morse key, high tension battery and a condenser are available.
